Focus formation by Rous sarcoma virus (RSV) was significantly enhanced when virus was incubated with the saline fraction of chloroform extracted chicken egg yolk, prior to infecting chicken embryo cells. The enhancement was restricted to members of RSV subgroups B, C and D and was proportional to yolk dilution. Subgroup A virus was never affected. In all, IO8 yolk samples from specific pathogen free chickens were investigated. Of these 78 to 97 ~ stimulated focus formation. RSV(RAV-5o) of subgroup D which was stimulated up to tenfold, was the most strongly affected strain. The enhancing principle was shown to be a specific yolk factor, and its effect remained constant even after several years' storage. Crude yolk specimens showed essentially the same enhancing property. The chemical nature of the yolk factor is still unknown. It must, however, be taken into account when assaying for avian leukosis virus antibodies.
INTRODUCTION
In a study monitoring commercial chicken flocks for prevalence of leukosis virus infection, the egg yolk was used to detect neutralizing antibodies against subgroups A, B, C and D avian leukosis virus (Sandelin & Estola, I97O, I974) . To obtain good reproducibility the yolks were extracted with chloroform and the translucent saline fraction, devoid of lipid and pigment, used in the focus neutralization test. It was, however, observed that the yolk extracts, besides containing antibodies in various concentrations, to a greater or lesser extent enhanced focus formation of subgroups B, C and D Rous sarcoma virus (RSV). RSV(RAV-I) of subgroup A was never affected. This considerably altered the results obtained with the neutralization test.
The study was then extended to test some hundred yolks from our specific pathogen free (SPF) chicken flock (Sandelin & Estola, I975) for their effect on focus formation by RSV. The same clear-cut effect was observed. Dilution of yolk decreased the enhancing effect.
Encouraged by the specific and reproducible effect brought about by yolk, and knowing that it has been shown by others that RSV of subgroup A reacts differently from members of other subgroups in potentiation and inhibition experiments (Hanafusa & Hanafusa, 1967; Vogt, I967; Toyoshima & Vogt, I969) , it was considered worth while to investigate the phenomenon more thoroughly, and the results of these studies constitute the present report.
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RESULTS
Specificity and frequency of yolk enkanced focus formation
Some hundred SPF yolk samples were tested for their influence on focus formation induced by members of subgroups A, B, C and D RSV.
In Table I a representative experiment is shown. Three field yolks were titrated next to three SPF yolks under similar conditions. Field yolk I had a focus neutralization titre of 1:64 against RSV(RAV-I), field yolk II neutralized RSV(RAV-2) when diluted I:I6, and RSV(RAV-5o) when diluted I:4. When compared to the PBS control, field yolk III did not show any antibody response when the sample was diluted 1:4. In those cases where no antibodies against RSV(RAV-I) appeared, i.e. field yolks II and III, all focus counts induced by this virus strain were of about the same magnitude independent of yolk sample dilution. Furthermore, the counts corresponded to the control count.
This was not the case for any of the other RSV strains investigated. Field yolk I did 8-2 not appear to contain antibodies against RSV(RAV-2), RSV(RAV-7) or RSV(RAV-5o) since it did not reduce focus formation of any of them. On the contrary, diluted 1:4, it considerably enhanced the focus counts compared to the controls. Control values were achieved only by diluting the yolk specimens I:64 or even I:256. This was also the case for field yolk II with RSV(RAV-7), against which no neutralizing effect was expressed. Enhancement of focus number, as compared to control, was demonstrated by yolk dilutions 1:4 and I:I6. Upon further dilution, 1:64 and 1:256, the yolk sample's focus enhancing effect was no longer observable. Diluted 1:4, field yolk II neutralized RSV(RAV-5o) focus formation by 62 ~, but diluted I:I6 it failed to neutralize. However, the focus enhancing activity of this yolk sample on RSV(RAV-5o) is discernible at dilution I:64 where a focus count higher than the control was obtained: ~o9 against 63. Upon further dilution the focus number again decreased. With field yolk III, enhancement of focus formation by RSV(RAV-2) and RSV(RAV-5o) could be demonstrated when the yolk sample was diluted I:I6 but not i :4. This was probably due to low levels of antibody.
In order to understand these results, and knowing that slight enhancement of subgroup B RSV focus formation has been shown to occur when incubating virus with heterologous antiserum (Vogt, I967; Weiss, i969) , three SPF yolk specimens, free of antibody against all the RSV strains used in this investigation, were included in the experiment. Again, RSV(RAV-I) counts were not affected by yolk sample dilution. Neither were any other counts of SPF yolk I. The SPF yolks II and III, however, caused significant focus stimulation of strains RSV(RAV-2), RSV(RAV-7) and RSV(RAV-5o). The most significant increase of focus number in this experiment was caused by SPF yolk II on RSV(RAV-5o): diluted I:4 this yolk specimen induced a more than Ix-fold enhancement of counts while the I:I6 dilution enhanced eight-fold. This effect, specifically directed towards members of subgroups B, C and D, was eliminated as the yolks were diluted further. The enhancing effect of SPF yolk III on RSV(RAV-5o) focus formation was abolished in dilution I : I6, whereas the focus count of RSV(RAV-/) was still somewhat enhanced even at yolk dilution I : I024.
In Fig. I an experiment is presented in which the concentration of a single SPF yolk specimen is plotted against focus count obtained. The yolk dilution series was tested on all four RSV strains. This experiment was chosen, firstly, because the control counts of RSV(RAV-I) and RSV(RAV-7) coincided, and secondly, because the control counts for the two other strains differed considerably from each other as well as from those mentioned above. The failure of the yolk extract to affect RSV(RAV-I) is clear, the curve obtained contrasting sharply with that for RSV(RAV-7). The curve for RSV(RAV-2) focus number runs almost parallel to the RSV(RAV-7) curve. At the yolk dilution 1:4 RSV(RAV-5o) focus formation is most strongly stimulated of all; at the dilution i:i6 the focus numbers of RSV(RAV-7) and RSV(RAV-5o) are still twice the control values.
The experiment presented in Table T includes one of the only three SPF yolk samples discovered during the present investigation of more than a hundred yolks, that did not enhance focus formation of any of the RSV strains studied. In Fig. 2 the frequency of reaction of each RSV strain to the yolk specimens is demonstrated. The histogram shows that focus formation by RSV(RAV-0 was not affected by any of the yolks (lO3 samples) tested. RSV(RAV-2) was enhanced by 78 ~ of the yolks (96 samples), RSV(RAV-7) by 9o ~ (Io8 samples). The focus formation of RSV (RAV-5o), subgroup D, was most significantly enhanced by 97 ~ of all the yolks tested (99 samples). Sixteen per cent of them enhanced focus formation more than tenfold. The effect of the amount of virus (i.e. control counts) was also studied. The results indicate that the yolk-induced enhancement of focus formation is not related to the amount of virus used. Fig. 2 demonstrates that some yolk samples (called 'high') enhanced focus formation more than others did ('low'). By comparing 'high' and 'low' yolks it could be demonstrated that a 'high' yolk repeatedly enhanced focus formation to a higher degree than a 'low' one, independent of the storage period or number of fi'eezing and thawing cycles. Further, fresh yolk extracts were divided into several portions which were then stored under the various conditions just described. The focus enhancing capacity of these portions was found to be similar.
Reproducibility of the enhancement reaction
Another way to prove the reproducibility of results would be to mix a 'high' yolk with a 'low' one, and then compare the mixture with the two original yolk samples. In two yolk samples and a I :I mixture of them were diluted 1:4, I :I6 and 1:64, and each yolk dilution was incubated with two different dilutions of RSV(RAV-5o). The curves obtained for the mixed sample fell between those for the unmixed yolks.
Preliminary characterization of the yolk factor
In the focus count assay the colourless saline fraction of chloroform extracted yolk was constantly used. To exclude the possibility that residual chloroform was harmful to virus during incubation, excess chloroform was added both to PBS controls and to the saline extracts of yolk, before diluting and incubating them with virus. It was reproducibly found that the yolk-induced effect on focus formation was not influenced by trace amounts of chloroform. * Dilution and centrifugation of the two lots of the yolk were identical. The first lot was clarified only and thus the 1:4 dilution was not transparent enough to enable a reliable focus assay. Equal volumes of yolk dilutions and virus strain preparations were incubated at room temperature for I h prior to exposing CEF monolayers to the incubation mixtures.
1" Average of counts on two replicate plates. $ n.c. = not counted. Comparable concentrations of crude yolk were assayed in parallel with normally extracted yolk specimens. The yolk was for this purpose diluted I : I with PBS and divided into two parts, one of which was extracted and fractionated as usual, the other only clarified by centrifugation at zooo rev/min in a Christ centrifuge, type UJ I. Table 2 shows that crude yolk enhanced focus formation of RSV(RAV-2), RSV(RAV-7) and RSV(RAV-5o) in essentially the same way as did the normal extract, Whereas RSV(RAV-Q was not affected. Because of the strong opacity of unextracted yolk, the foci obtained after incubation with dilution 1:4 could not be evaluated with certainty although the yolk samples were never toxic to cells even after several years' storage.
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Normally the yolks were taken from embryonated eggs (see Methods). However, yolk extracts prepared from fresh, non-incubated ones showed the same pattern of enhancement, again restricted to members of subgroups B, C and D of RSV, and proportional to yolk dilution. Upon storage the non-incubated yolks retained this quality.
No differences were found between yolks kept at 56 °C for 3 ° rain and samples not treated in this way.
The possibility that RSV might be inactivated during incubation at room temperature, particularly in more diluted protein solutions, was investigated by using chicken serum as diluent for yolk extracts. Prior to such experiments, 25 sera from SPF chickens were assayed and shown not to cause any enhancement of focus formation by any of the RSV strains. In Table 3 an experiment is shown in which RSV(RAV-I) and RSV(RAV-5o) were incubated with serum or yolk or a mixture of yolk and serum, at different dilutions. The results indicate that the specific focus enhancement directed on RSV(RAV-5 o) was related to yolk dilution and due to a factor in the yolk.
The efficiency of focus enhancement was not a function of incubation time: exposing virus to yolk at room temperature for 3o, 6o or I2o min resulted in comparable numbers of foci.
Contrary to the focus enhancement caused by heterologous virus (Hanafusa & Hanafusa, I967; Kass & Levinson, I974) the yolk-induced enhancement was independent of the mode of subcultivation of cells. It was not critical to the results whether trypsin or EDTA was used. 7 ° PBS 3o8 23I 99 37 * All CEF monolayers were cultivated in liquid medium containing Io ~ TPB, the changes in concentration being in the agar overlay. Equal volumes of yolk dilutions and virus strain preparations were incubated at room temperature for I h prior to exposing CEF monolayers to the incubation mixtures.
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t Average of counts on two replicate plates. It has been shown by others that by increasing the concentration of tryptose phosphate broth (TPB) in the nutrient medium, the transforming capacity of all RSV strains was enhanced (Prince, I962; Vigier, I973) . In order to analyse further the yolk factor, CEF monolayers were overlaid p.i. with nutrient agar containing varying concentrations of TPB. Table 4 demonstrates that the specific yolk-induced focus enhancement is independent of TPB concentration. The table also confirms that the focus forming efficiency of all four virus strains is significantly enhanced by increasing the TPB concentration. * Different dilutions of yolk were either incubated with RSV(RAV-5o) prior to exposing CEF monolayers to the incubation mixture, or the cells were pre-treated with the same dilutions of yolk for I h before exposure to the virus. The cells were then treated as under (a), (b) or (e).
'~ Average of counts on three replicate plates.
To investigate the level at which the yolk-induced focus enhancement reaction operated, comparable amounts of yolk were either incubated with virus or used for pre-treating the cells. In Table 5 replicate plates were exposed to two dilutions of a yolk sample for ~ h, and then, prior to infection with RSV(RAV-5o), either (a) emptied only, (b) washed once, or (c) washed three times. The results show that the usual incubation procedure again caused significant focus enhancement whereas pre-treatment of cells with yolk resulted in only slight stimulation. These preliminary results suggest that the yolk factor acts mainly on the virus particle in vitro.
DISCUSSION
The data of the present study support the concept of the presence of a factor in yolk that enhances focus formation by members of subgroup B, C and D Rous sarcoma virus whereas RSV(RAV-I) of subgroup A is not affected. The specificity and reproducibility of the yolk-induced stimulation of focus formation was shown to occur under a variety of test conditions, and it was proportional to yolk dilution.
The mechanism of the focus enhancement is not yet fully understood. The crucial action seems to occur predominantly in vitro, during incubation of virus with the yolk sample, although pre-treatment of cells with yolk, prior to infection, brings about slight enhancement of focus formation.
That virus is inactivated because of lack of protein during incubation with more diluted yolk samples cannot be supported. RSV(RAV-I) always yielded similar focus numbers regardless of the extent to which the yolk specimen was diluted. Furthermore, the virus strains were constantly diluted to about Io -4, and with medium containing 5 ~ calf serum. Even when the yolk samples were diluted with chicken serum, the specific enhancing quality was retained.
Several lines of evidence indicate that chloroform treatment of yolk was not harmful to the virus and did not otherwise interfere with results: (I) RSV focus formation was either enhanced or not affected by all yolk samples investigated, never inhibited. (2) Surplus chloroform, added both to controls or to the saline fraction of yolk, prior to incubation with the various virus strains, did not affect the results. That the enhancing factor is present in the saline fraction of chloroform extracted yolk denotes that it is largely composed of protein and carbohydrate. It is known (Rauch, I968) that the protein composition of yolk is influenced by genetic factors and variations in feeding. This might explain the observation that some yolk extracts were more efficient focus enhancers than others, although they were handled and assayed under the same conditions. No stable complex between polycation and virus could be demonstrated. That the yolk factor is a polycation cannot at this stage be excluded since it never affected RSV(RAV-I) of subgroup A. However, distinct differences exist: the yolk factor enhances subgroup D virus most strongly of all the RSV strains tested, and, furthermore, seems to act principally on the virus particle.
The scope of future work will be the study of the chemical nature and the localization in yolk of the focus enhancing factor, and elucidation of its mode of action. The practical importance of this study is evident: the focus enhancing effect of the yolk factor cannot be neglected when testing for focus formation. When the yolk factor is taken into consideration, the yolk offers a convenient tool in assaying for specific antibodies against avian leukosis viruses.
